1. Introduction {#sec0005}
===============

There is a gap in the line of research inquiry in the team science literature in terms of individual, *intra*personal indicators for participation in team science despite this category of antecedents being equally important to others, such as *inter*personal and technological aspects of scientific collaboration ([@bib0785]; [@bib1005], [@bib1010]). We provide an assessment of the literature that addresses the *perceived* micro-level motivators and threats to scientific collaboration to address the issue of intrapersonal antecedent conditions that have the potential to impact individual participation in scientific knowledge-producing teams (KPTs) ([@bib0150]; [@bib0875]; [@bib0985]; [@bib1000]; [@bib1045]). Importantly, these individual motivators and threats can serve as measurable mediators to collaboration readiness. This effort draws from bodies of literature where interactive indicators of scientific team readiness are discussed and extrapolates indicators of motivation for KPT collaboration in other domains in the form of attitudes, beliefs, and experiences. There is less regard for causal relationships *than for* conformity to external expectations.

In an era when increased emphasis is being placed on the importance of collaborative efforts in science ([@bib0790]), it has become a priority for behavioral and social scientists to understand better the underlying factors that support or deter individual engagement in collaborative research ([@bib0315]). For academia and its knowledge-producing stakeholders, the demands for team science initiatives by external funding agencies are palpable, affecting eligibility and access to research funds. And understanding the most effective interventions (training, development, encouragement, etc.) for enhancing productive interdisciplinary collaboration and team science at all levels is growing in importance. The recent report of the National Research Council of the National Academies, "Enhancing the Effectiveness of Team Science" (2015) supports this recognition and is a charge to those that study teams that further "research is needed to enhance our basic understanding of team science processes as the foundation for developing new interventions" (p. 12). As those from the social sciences increase their contributions to advance this research agenda, they contribute to the growing recognition that social science efforts can expand and increase the impact of scientific efforts across sectors that shape and change our national scientific agenda thus making our federal funding resources more effectual ([@bib0805]). This will require multilevel approaches by behavioral and social scientists with emphases on micro, meso, and macro level investigations who can contribute to the understanding of the unique operative dynamics within each of these levels to make recommendations about the relationship between one level and the others and thus increase our knowledge about collaborative efforts in science ([@bib0150]; [@bib0920]).

Teams of scientists working to solve complex problems actively employ a variety of skills and motivations in their collaborative efforts ([@bib0560]; [@bib0695]). Collaboration is the cooperative effort between two or more entities striving towards a common goal ([@bib0040]). Ensuring that teams maximize the effectiveness of scientific collaboration is key for these KPTs that strive to increase methodological diversity, engage in cross-disciplinary knowledge building, and leverage pools of resources so as to have greater impact on real-world problems ([@bib0085]; [@bib0490]; [@bib0565]). Individual motivations and threats to this type of collaborative activity affect the very ability of teams to assemble and sustain group activities that lead to the achievement of their goals. Much of the literature on individual readiness for scientific teams targets *inter*personal skills, the interactive dynamics that support collaborative enterprises. Usually, this focus occurs in the context of environmental antecedents to teaming ([@bib0070]; [@bib0235]; [@bib0995]). These environmental antecedents include infrastructures that support team science, cultures that support and reward team scholarship, preexisting conditions such as unique research challenges, strategic and large-scale collaborative opportunities, governmental incentives, scientific expectations, popular trends, and even national pride and global competition that may impede or encourage collaboration between scientific stakeholders ([@bib0380]; [@bib0425]; [@bib0505]; [@bib0760]; [@bib0840]; [@bib0925]; [@bib1005]).

Observing team science characteristics in terms of environmental antecedents has led researchers to focus on issues related to team size, organizational capacities, resource allocations, technologic preparedness, communication techniques and technologies, geographic proximity, and other attributes of the more structural moderators of motivation ([@bib0080]; [@bib0325]; [@bib0420]; [@bib0930]; [@bib0945]; [@bib0980]). These inquiries have typically highlighted the necessary external supports that should lead researchers to want to participate in collaboration. Often addressing the problem of readiness from this meso (team) or macro (organizational) level of analysis ([@bib0150]), findings associated with these types of studies relate behavior and individual performance as a response to these environmental mediators drawing attention to their causal effects on cognition, behaviors, and attitudes in individuals ([@bib0005]; [@bib0040]).

Less effort has been made to understand the individual responses and challenges as individual researchers find themselves faced with making decisions about working within and across scientific teams. In response to this gap in understanding the full slate of antecedent conditions for team science ([@bib0990]), we take an approach in our review that focuses on the *intra*personal conditions that impact collaboration readiness for team science, those that stem from individual perceptions that are ultimately connected to how an individual decides to interact with others in knowledge producing teams and within what capacity ([@bib0835]).

This work is the initial phase of a research agenda with the goal of developing an assessment tool for use by science teams and to measure pre-conscious and conscious collaboration readiness based on psychometric indicators, using a novel measurement ([@bib0650]). The *intra*personal indicators identified from this review contribute to the development of a dynamic hierarchy of factors that serve as an important basis for the psychometric properties used in the instrument currently being validated ([@bib0655]; [@bib0680]). In this paper, we describe the first phase of mapping the terrain about motivation and threats in establishing the psychometric properties. We present therefore: 1) a discussion about collaboration readiness in scientific KPTs, 2) a method and findings from a scoping review of over 60 years of literature, and 3) concluding thoughts about the value of these indicators to psychometric measurement and measurement of individual collaboration readiness.

1.1. Collaboration readiness {#sec0010}
----------------------------

Individual and community psychological readiness is discussed in a number of contexts and usually focuses on preparedness to respond to external stimuli (Skinnerian) ([@bib0575]), internal urges (Freudian) ([@bib0295]), learning abilities (Rogerian) ([@bib0015]; [@bib0020]; [@bib0060]) and/or creativity (Jungian) ([@bib0820]; [@bib0825]). Each of these schools of thought share the basic premise that individuals respond to needs that call them to adapt to a changing environment that will require cognitive, behavioral, and attitudinal adjustments ([@bib0730]). To measure these responses, output indicators and team interactive qualities have dominated the literature and have been used as evidence of individual readiness. Scholars and theorists have addressed concerns about this response in a number of ways. Contemporary issues associated with disparate groups ([@bib0830]), the ethics of collaboration ([@bib0270]; [@bib0665]), and the organizational antecedents necessary for productive scientific collaboration ([@bib0515]; [@bib0935]) have received great attention. Popular methodological tools for studying these conditions have included bibliometrics ([@bib0400]), networking analysis ([@bib1025]; [@bib1090]), behavioral studies ([@bib0970]), social-cognitive framework analysis ([@bib0845]) and quality measures ([@bib0305]; [@bib0725]).

Team and management scientists have worked to understand the motivational antecedents in several teaming environments less scientifically oriented in nature such as in sports, management teams, and service workforces ([@bib0285]; [@bib0460]). Some inquiries have focused on motivational antecedents specific to scientists and engineers using an expectancy model ([@bib0365]), though with an emphasis on predictions of individual productivity and outputs. Approaches to individual motivations for collaborative science in similar sectors remain predominantly focused on measurement of organizational antecedents such as team process mediations to outcome, team work empowerment, and behavioral, affective, interpersonal, and intellectual processes rather than pre-conscious factors ([@bib0535]; [@bib0550]; [@bib1060]). Generally speaking, the problem of motivation and threat in KPTs are similar to those in other areas, in that, to understand readiness, one must understand the motivations and/or threats that are mediators of collaborative engagements. For KPTs the shifting context of science and its policies that deeply affect the decision-making processes of individuals as they navigate the knowledge-producing landscape throughout their careers.

1.2. Knowledge Producing Teams (KPTs) {#sec0015}
-------------------------------------

KPTs are groups of collaborators that have shared and/or aligning mental models ([@bib0175]). Science teams represent an important type of KPTs that, though with similar features and processes to other types of teams, contain unique aspects because of expectations from the knowledge-generating environment in which they operate ([@bib0785]). KPTs primarily aim to create knowledge not ordinarily achieved outside of a collaborative environment. KPTs have task-oriented goals, share equipment and technologies, and develop professional and interpersonal relationships within their unique context and content situations ([@bib0745]). These activities are embedded within the teaming process ([@bib0255]) that grounds their purpose---the generation of new knowledge ([@bib1090]). KPT members are typified as collections of highly skilled, autonomous workers trained to use specific tools and theoretical concepts with goals that produce complex, intangible, and tangible results ([@bib0140]). Their involvement in teams is often the direct result of individual interests or enthusiasm rather than being assigned to a task. This said, sustainability of projects and the alliances of these knowledge workers depend upon the continued successful collaborative motivations of individual contributors ([@bib0040]), which is highly and continually influenced by individual readiness to enter into KPTs ([@bib0335]).

Many who engage in KPTs do so in response to shifting individual and environmental opportunities for engagement over pre-constructed groupwork environments allowing for greater autonomy and free will when making decisions about engagement. This may be the main difference between many KPTs and other types of teams that are primarily charged with outputs that are gauged by market demands. Collaborative participation also plays a part in satisfying a variety of individual needs that range from basic intellectual creativity ([@bib0890]) to the need for being part of efforts beyond one's own creativity and skill boundaries ([@bib0005]). It can fulfill higher level needs that afford individuals the ability to participate in more complex thinking and problem solving with well-defined and shared goals ([@bib0250]). It challenges collaborators to engage in knowledge sharing behaviors ([@bib0455]) and mollifies innate personal and social needs ([@bib0125]; [@bib0580]) through human interactions ([@bib0705]). The mechanisms of how these desires affect decision-making and the move toward assembling in KPTs and more importantly how these influence career self-management ([@bib0880]) is critical to understanding how motivation and threat play a significant part in the decision-making processes of potential KPT participants and well worth exploration.

2. Method {#sec0020}
=========

A key set of literature served as the initial basis for extrapolating an *ad hoc* listing of search terms that were later expanded upon based on initial findings ([@bib0290]; [@bib0390]; [@bib0935]; [@bib1010]). A more comprehensive scoping review method ([@bib0045]) was then employed to understand the breadth of the subject of individual motivations and threats to scientific collaboration across a large range of resources. This method was chosen over a systematic review method ([@bib0870]), one that compiles literature associated with a bounded problem or research questions, as we felt it was more suited to the vast multidisciplinary and sometimes untethered literature that contributes to the discussion of scientific team collaboration. The review proceeded to search literature across discipline-specific domains: psychology, management, organizational science, leadership, social psychology, sociology, anthropology, and biomedicine, as well as interdisciplinary team and collaboration sciences. References highlighting interpretations of the mediating role of motivation for collaboration were sought and targeted. Search engines used included the public Science of Team Science (SciTS) Mendeley group ([@bib0300]), Google Scholar, Scopus, and others that represent a multidisciplinary array of literature (Academic Premier, Articles First, and ProQuest). Search criteria were designed that captured the meaning of specific indicators as uncovered in an iterative manner. Alterations to the criteria were made based on findings and terminology from the literature as domain clusters emerged.

An initial set of 56 indicators was later edited to 51 based on analysis of meaning found in the literature and the frequency of findings. One hundred and fifty (150) articles offering insight about scientific collaboration and KPTs were initially reviewed and analyzed for relevant content representing over 60 years of discourse and empirical research. These subsequently pointed to additional literature. In the end, 142 resources were included in this scoping review, mostly peer-reviewed (126) representing 81 journals along with 15 other items representing books, proceedings, and doctoral dissertations. Once compiled and sorted into indicator clusters, thematic coding identified overlaps in the literature at it pertained to each of the indicators. Based on themes found throughout the literature, indicators were grouped by emergent domains and named by the research team based on the general areas of focus: resource acquisition, recognition and reward, knowledge transfer, advancing science, building relationships, and maintenance of beliefs ([Fig. 1](#fig0005){ref-type="fig"}). Indicators were related within and across domains through an intuitive process that matched frequency of authorship, keywords, and concepts leading to domain clustering of indicators (by volume) and visualization of dominating motivations and threats within and across domains. Ties within and across domains were decided based on the frequency of literature contributions to each indicator.

Once compiled, the indicators identified were organized by domains (Organizing Domains) and were related within and across domains using an interpretive methodology ([@bib0230]) relating similar indicators based on meaning and key words. We also provide domain clustering of indicators (by volume); and an analysis of dominating motivations and threats by analyzing ties within and across domains. The conclusion focuses on the value of this compilation for further research ([Fig. 2](#fig0010){ref-type="fig"})

3. Results {#sec0025}
==========

3.1. Motivation and threat indicators {#sec0030}
-------------------------------------

The depth of the available literature on individual motivators and threats varies by indicator, and there is no hierarchy to their order provided. While indicators are organized by motivators and threats, not all are so easily separated into dichotomous categories. This stated, our organization is based on dominant themes that emerged from our analysis ([Table 1](#tbl0005){ref-type="table"}). For those that are both supporting *and* deterring by nature, two factors have been made to accommodate the duality found within the theme.

3.2. Access to expertise {#sec0035}
------------------------

Complementarity of knowledge and skills between team members is an important component of research collaboration. Researchers who feel they lack expertise in certain areas will seek others that possess this needed knowledge or skill ([@bib0670]). This need has been evidenced throughout the evolution of research professionalism ([@bib0090]; [@bib0095]) as research and writing tasks warranted increased strategic alliances ([@bib0320]) and benefits from other researchers' knowledge contributed to solving complex problems ([@bib0705]). Sharing expertise may be even more important in very specialized fields where expertise and skill are not so widely available ([@bib0135]). Such motivation has also been reported in "bottom up" global collaborations that utilize national and regional facilities for big science and how these collaborations lead to growth in co-authorship ([@bib0360]; [@bib1050]). Researchers motivated by skill complementarity have been described as 'tacticians' by [@bib0165] in their work on acquiring scientific and human capital. [@bib0410] argued that collaborations motivated by skill and knowledge complementarity are easier to establish than integrative collaborations and often require less compromise to differences amidst experts.

3.3. Access to administrative support {#sec0040}
-------------------------------------

Access to resources, other than the intellectual capital found through complementarity, is also a well-established motivating factor for scientific collaboration. It is associated with other motivations across domains. However, few studies have cited administrative support acquisition as a reason to collaborate. In the case of international research centers, study participants have found management structures in these centers to be administratively burdensome ([@bib1030]). Collaboration between individuals and institutions creates more administrative and management needs, which may offset the benefits of collaborating by the need to access shared administration. Though such complicating dynamics may shed a negative light on the role of administration as something that possesses a high level of maintenance, its availability generally supports collaborative efforts for KPTs ([@bib0510]).

3.4. Access to trainee workforce {#sec0045}
--------------------------------

[@bib0670] refer to trainees as a primarily human workforce resource. [@bib0510] study revealed that some researchers did not consider students as collaborators at all and at times they did not even consider them co-authors or contributors to research, further suggesting that students may be seen as exploitable human resources in KPTs. Understood in this context, students become facilitators of collaboration and fill roles as laborers, especially those with higher degrees possessing their own motivations to work with senior knowledge workers ([@bib0090]; [@bib0320]; [@bib0560]). To work with collaborators who have access to these types of laborers is an attractive benefit regardless if considered collaborators or not. [@bib0345] noted that access to PhD students and attracting students to their team were reasons often found amongst researchers motivated to participate in research centers.

3.5. Access to scientific materials {#sec0050}
-----------------------------------

Closely related to the need to access scientific expertise is the need to access scientific resources like equipment, study populations, and other tangibles required to conduct research. Studies have reported that researchers will engage in collaborations because it provides access to equipment ([@bib0095]; [@bib0135]; [@bib0240]; [@bib0435]), data ([@bib0240]; [@bib1050]), and facilities ([@bib0360]; [@bib0435]). In certain fields, working within centralized science hubs provided researchers access to otherwise unavailable geographical regions and population groups ([@bib0360]; [@bib0975]).

3.6. Access to funds {#sec0055}
--------------------

Access to financial support of scientific effort is an oft-cited reason by which researchers are motivated to collaborate ([@bib0090]; [@bib0240]; [@bib0600]). Scientists engage in collaborations when they perceive that funding agencies and emerging science policies are favoring collaborative research efforts ([@bib0620]; [@bib0670]). An emphasis by funding agencies for collaborative teams can be frustrating for some researchers who feel this type of work is less productive yet supportive of their own specific research agendas ([@bib0770]). Researchers will look for collaborators in an effort to pool and leverage funds and share the cost of projects ([@bib0135]; [@bib0320]; [@bib0360]; [@bib0510]; [@bib0560]; [@bib1050]). While some rank monetary gains as a primary motivator for collaboration ([@bib0600]; [@bib0610]), others place less importance on these financial benefits when compared to other intangibles ([@bib1030]). The need to access funds appears to be motivated by a desire to advance one\'s own research agenda rather than the potential for personal financial gains, even in industry-academia collaborations ([@bib0240]; [@bib0610]).

3.7. Need for division of labor {#sec0060}
-------------------------------

The ability to divide research-related intellectual and task labor for time efficiency motivates researchers to collaborate ([@bib0095]). Scientific precision as well as productivity have been cited as reasons why researchers collaborate ([@bib0275]). This need to divide work may be even more important in "more specialized or capital-intensive areas of science" ([@bib0510]) that depend more sharply on time tables and pressures to develop outputs. However, division of labor is sometimes related to the size of the project rather than the level of specialization required ([@bib0950]). In some KPTs, the disparity of skills might be quite low and collaboration might be more a pairing of suitable collaborative partnerships. Furthermore, the division of labor may be a more important motivator if researchers believe it will lead to more publications ([@bib0705]). Ultimately, this indicator favors the idea that collaboration is an opportunity to divide tasks rather than integrate and synthesize ideas, though it is not exclusive of it.

3.8. Communication/IT infrastructure {#sec0065}
------------------------------------

While communication technologies have as their goal more fluid collaboration, often the adoption of these technologies can be threatening in itself. The advent of sophisticated technological communications and the growing number of geographically dispersed teams have necessitated higher levels of literacy and acquisition with regards to IT infrastructures ([@bib0370]; [@bib0485]). Literature reviews by [@bib0975] and [@bib1005] on the topic of scientific collaboration have framed communication and IT infrastructure as enablers or facilitators of collaboration rather than motivators. While certain technologies have certainly afforded greater interactions amongst researchers, this is not always attractive to some within KPT communities. For example, [@bib0975] concluded that "information and communication technologies (ICTs) can facilitate scientific collaboration and give rise to new types of collaboration" (p. 660), the availability of which is key to the success of distance collaborations ([@bib0965]). Perhaps more relevant to the topic is that individuals who lack experience with these emerging technologies will be ill-prepared in situations other than those conducted face-to-face ([@bib0830]; [@bib1005]; [@bib1000]). Sustained social communications (more face-to-face engagements) alongside task-related ones (technology-mediated interactions) can generate greater trust and social cohesion ([@bib0475]). The environment that is meant to facilitate more collaboration is often the one that creates the most barriers and frustrations for collaborators ([@bib0830]), which can affect one's motivations for knowledge sharing as a result ([@bib0440]).

3.9. Possess data set and/or tool that benefits others {#sec0070}
------------------------------------------------------

Although access to scientific resources has been established as a motivating factor for collaboration, researcher's unconditional sharing of data and other resources is not an overt motivation. Rather, researchers collaborate to share *and* access resources and data ([@bib1050]) suggesting that without a reciprocal process in place, researchers could be threatened by unidirectional sharing. Some authors highlight reasons by which researchers choose to collaborate in line with many of the supporting factors that have already been named in the acquisition of resources domain and others namely: 1) increase of visibility among peers and exploit complementary capabilities; 2) share the costs of projects that are large in scale or scope; 3) access or share expensive physical resources; 4) achieve greater leverage by sharing data; and 5) exchange ideas in order to encourage greater creativity. [@bib0705] concluded that researchers, on the surface, have a desire to share ideas and resources with others. This desire to expand, to find new ways of working and thinking, to share ideas and resources with other researchers and a general wish to collaborate are often met with challenges as to how to achieve this efficiently ([@bib1005]).

3.10. Possessing expertise that others need {#sec0075}
-------------------------------------------

While access to expertise has been established as a motivating factor for collaboration, similarly to data and resources, researcher expertise is not often shared in a unidirectional manner, rather collaborators are not motivated to overtly share their own expertise without some type of reward, recognition, or trade off. [@bib0705] provided such distinction when he concluded that researchers have a desire to share ideas and resources with others highlighting that "needs can be either of a material, knowledge-based or social kind\...Somebody wants something, somebody else can perhaps provide it" (p. 38).

3.11. Lack of available mechanisms to sustain collaboration {#sec0080}
-----------------------------------------------------------

Studies have found that trust, communication, and motivation ([@bib0895]) as well as productive outcomes, funding, relationships, and shared interests ([@bib0620]) all impact sustainability of collaborations over time. Continuous evaluation can ensure that collaborations overcome the factors listed above ([@bib0975]). Additionally, providing appropriate rewards and incentives that compensate for the challenges met by scientific teams can sustain the motivation to collaborate. Some of the mechanisms that sustain long-term collaborations could dampen individual creativity and productivity ([@bib0890]; [@bib0895]; [@bib1005]). Participants were more satisfied and productive if they didn\'t feel locked into their collaborations. Yet evidence suggests that the number of affiliations with scientists outside of one's own field of inquiry are greater than most would imagine, and that "their relationships with other center members have 'positively' or 'very positively' influenced the development of their own research agendas. It is not surprising that, in the short-term, diversity will yield more creativity than productivity, but it is significant as one begins to measure the 'value' of interdisciplinary versus disciplinary science" ([@bib0895]). Not surprisingly, a lack of motivation to enter into KPTs whose outputs are valued by peers are often due to the lack of systemic implementation, infrastructures, and reward systems in university centers thus deterring scientists from capitalizing on these relationships. Recommendations that institutions work to enable environments by establishing transdisciplinary research priorities, creating for joint appointments between departments, considering transdisciplinary work when evaluating for promotion, award, and recognition are emerging in the literature highlighting the importance of these structures for collaboration.

3.12. Hard to find a funding mechanism to support collaborative research {#sec0085}
------------------------------------------------------------------------

Lacking implementation infrastructure can lead to a lack in motivation to collaborate. However, even when these supports are available, a lack of funding to support collaborative endeavors, especially those with a high diversity of goals, can negatively impact motivation. Appropriate funding facilitates collaborative research, while lack of funding acts as a barrier ([@bib0290]; [@bib0620]; [@bib1005]). Decreases in basic science funding and increases in the cost of conducting science motivate researchers to pool resources and collaborate ([@bib0415]; [@bib0435]). In regard to funding directed at KPTs, some believe that funding agencies do not support or understand the need for such research that capitalizes on the benefits of collaborative engagements ([@bib0190]), or that despite increases in interdisciplinary research funding, the funds are spread too thin ([@bib0570]). These trends, along with science policies that make funding for teams difficult by mere lack of abundance, can deter researchers from seeking to invest and risk other more viable funding options, ([Table 2](#tbl0010){ref-type="table"}) regardless of their desires or interests to work collaboratively.

3.13. To obtain recognition {#sec0090}
---------------------------

*S*cientists are motivated by the increased recognition and visibility that research collaborations provide ([@bib0090]; [@bib0095]). Increased visibility is one reason why scientists participate in international collaborations ([@bib1050]). In addition to personal recognition, collaboration can increase the visibility of the work produced through the multiple contacts and networks formed out of collaborations ([@bib0510]; [@bib0570]). For students, participating in scientific collaborations is a sign of recognition and acceptance by the greater scientific community ([@bib0410]). Although [@bib0705] showed that increased visibility and recognition were only somewhat important, the author concluded that "a collaboration that is likely to bring less recognition to the participants will seldom occur" (p. 38).

3.14. Loss aversion {#sec0095}
-------------------

The idea of loss can be threatening no matter the context. Much of the literature speaks of specific risks or losses such as loss of funding, status, or recognition. In contrast, loss aversion is an environmental deterrent to collaboration, as [@bib0320], [@bib0360], and [@bib0975] have argued, representative of how sharing risk, or minimizing losses, can motivate stakeholders to choose collaborations over individual endeavors, especially when the risk of loss is diverted to shared rather than individual resources. Though collaboration may minimize loss through shared risk, generally it remains a threat to open collaboration if a team member must calculate risk level. For this reason it is a threat to openly entering into collaborative activity. Loss aversion raises a number of questions, such as "How does a group establish an independent identity while remaining connected with its field of research?" and "How are consistency of focus and continuity of approach balanced against the freedom younger scientists need to develop as independent investigators?" ([@bib0385]).

3.15. Lack of external recognition/reward {#sec0100}
-----------------------------------------

Interdisciplinary research is often regarded as less rewarding than disciplinary work ([@bib1040]) though it is embedded with a series of risks. [@bib1085] argues that scientists concerned with receiving adequate recognition for their work on collaborative projects may shy away from interdisciplinary, collaborative work. This deterrent requires management and investigation as to the sector-specific and cross-sector needs for reward and recognition ([@bib0855]; [@bib1030]). However, for some, collaboration provides more opportunities for reward and recognition otherwise unattainable in a strictly disciplinary environment ([@bib1030]). Though this may be the case, the opportunities for reward do not minimize the risks associated which may contribute to its threatening character.

3.16. Concerns about getting promoted/tenured {#sec0105}
---------------------------------------------

Promotion and tenure practices and policies appear to support individual and disciplinary achievements rather than interdisciplinary work. Therefore, interdisciplinary research can be considered risky in terms of career progression ([@bib0180]; [@bib0215]; [@bib0415]; [@bib0450]; [@bib0670]; [@bib0895]; [@bib1110]). [@bib0670] suggest that academic rank and status can affect the allocation of recognition in interdisciplinary projects. Much of the literature agrees that this risk is especially true for junior scientists, who must often delay collaborative work until tenure has been achieved ([@bib0145]; [@bib0180]; [@bib1095]). However, [@bib0135] failed to show that tenure was "a significant predictor of collaboration propensity" (p. 2235). Additionally, it has been suggested that in some countries with tenure processes different than those in North America, collaboration can play an important role in the promotion process ([@bib0950]).

3.17. Lack of institutional recognition/reward {#sec0110}
----------------------------------------------

Many of the existing reward systems in science do not provide adequate incentive for researchers to collaborate ([@bib1085]). Similarly, [@bib1040] found that reward systems favor disciplinary versus interdisciplinary work and therefore provide no incentive to collaborate across disciplines. In particular, departmental or institutional evaluation criteria for researchers often do not appear to support interdisciplinary work ([@bib1095]), which leaves many scientists to work on collaborative projects "on the side," in addition to their departmental projects ([@bib0145]). Some argue for the adoption of organizational incentives, changes in promotion structures, and long-term funding to sustain scientific collaborations ([@bib0035]; [@bib1005]). The need for sweeping policy change in this sphere is also slowly gaining attention ([@bib0030]; [@bib0785]). For some disciplines, participation in research centers may improve one\'s chances of promotion within their home department ([@bib1030]).

3.18. Concerns about authorship {#sec0115}
-------------------------------

Traditionally, the scientific environment has rewarded individual authorship ([@bib1005]) and therefore researchers have preferred to publish in a way that signifies individual credit, such as serving as the first or last author on an article ([@bib0075]; [@bib0620]). Pressure toward scientific collaboration, and thus an increase in co-authorship ([@bib1090]) and the risks associated shared acknowledgement, has created anxiety among researchers as they fear receiving inadequate credit for their work ([@bib0115]; [@bib0225]; [@bib1085]). This, argues [@bib1085], affects researchers\' motivation to work in scientific teams. Receiving less credit for one\'s work is likely to be more detrimental for junior scholars than for more established researchers ([@bib0320]).

3.19. Concerns that my referees won\'t be supportive {#sec0120}
----------------------------------------------------

Concerns about how collaborative research is judged can impact scientists\' decisions to engage in scientific collaboration and is often based on experience with reviewers' and evaluators' lack of skills to measure the validity of cross-disciplinary epistemics and methodologies ([@bib0815]). One\'s reputation may be threatened if others perceive interdisciplinary or collaborative work as less credible or of lower status ([@bib0170]; [@bib0415]). Additionally, interdisciplinary publications may be more difficult to evaluate and reviewers may be more critical ([@bib0590]; [@bib0900]). Some have also reported that researchers are also concerned that the frameworks established to evaluate interdisciplinary ([Table 3](#tbl0015){ref-type="table"}) performance tend to force them back into their own disciplines for the purpose of evaluation ([@bib0620]).

3.20. Desire to learn new skill (set) {#sec0125}
-------------------------------------

While some researchers will engage in collaborations in an effort to tap into the expertise of their collaborators, others are motivated by the opportunity to learn new skills and gain experience ([@bib0090]; [@bib0095]; [@bib0435]; [@bib0705]). Over time, studies have consistently cited learning and gaining scientific experience as motivating indicators and benefits of scientific collaboration ([@bib0090]; [@bib0240]; [@bib0705]; [@bib0975]). As would be expected, young scientists have much to gain in terms of skills and experience by collaborating with more senior scientists ([@bib0410]; [@bib0775]; [@bib1085]) even amidst certain challenges associated with choosing inter- and transdisciplinary career paths ([@bib0780]). Other studies have framed learning as a process ([@bib0670]) or as an outcome ([@bib0560]; [@bib0950]) of collaboration rather than a motivator.

3.21. Apprenticeship/training opportunity {#sec0130}
-----------------------------------------

Learning opportunities that come from collaboration as bonuses rather than intended benefits of collaborations are not usually created for the purpose of learning only ([@bib0770]). It therefore seems logical that few studies have reported apprenticeship or formal training opportunities as primary reasons why researchers would be motivated to collaborate. The obvious exception in the literature is the trainee population. Collaborating with scientists provides students with apprenticeship opportunities that help them gain knowledge, skills, experience, and credibility within the scientific community ([@bib0410]; [@bib0670]; [@bib0710]). An increase in global research collaborations has also provided new opportunities for trainees and fellows ([@bib0360]; [@bib0800]).

3.22. Enjoy learning about new areas of science/scholarship {#sec0135}
-----------------------------------------------------------

In addition to wanting to learn specific skills and knowledge, researchers will seek to collaborate in an effort to learn about new areas of science ([@bib0090]; [@bib0240]; [@bib0670]; [@bib0770]). [@bib1030] found this to be true in the decision to collaborate with industry partners. Enjoyment in the learning process is not very widely discussed in the literature. It appears that scientists are motivated by the need or want to enter into "effortful cognitive endeavors" ([@bib0520]). When members have the freedom to engage in what truly is intellectually stimulating, "high performance is enjoyable and enhances innovation" ([@bib0770]).

3.23. Benefits from mentoring {#sec0140}
-----------------------------

The opportunity to teach and mentor students and junior scientists is another motivator for collaboration ([@bib0090]; [@bib0095]; [@bib0165]; [@bib0600]). There is evidence that this collaborative endeavor is beneficial to both mentors and trainees ([@bib0940]). In a study that identified collaboration strategies, [@bib0165] described the scientist motivated by this opportunity as 'the mentor'. [@bib0610] also found that some scientists are motivated to collaborate with industry because of the opportunity to create jobs or internships for their trainees ([Table 4](#tbl0020){ref-type="table"}).

3.24. Individual time constraints {#sec0145}
---------------------------------

A more efficient use of time can be a motivating factor to collaborate ([@bib0095]). Indeed there have been times when pressures for rapid scientific discoveries have motivated scientists to collaborate ([@bib0975]). Additionally, collaborating may reduce the amount of time a scientist needs to learn new skills ([@bib0510]) and therefore collaborations assist in securing these assets quickly. This time saving relates to the division of labor and how this division translates into benefits for researchers in general ([@bib0100]; [@bib0010]; [@bib0390]; [@bib0430]; [@bib0550]; [@bib0615]), though it is arguable whether these divisions support greater integration of knowledge versus rapid accomplishment of tasks. However, scientists continue to list the large time commitment required for collaboration as a deterrent, especially in the early stages of projects ([@bib0320]; [@bib0670]; [@bib0770]; [@bib1020]). Nevertheless, the added time spent early in collaboration appears worth it for some and may ultimately result in more time-efficient and satisfactory outcomes ([@bib0700]).

3.25. To solve problems faster {#sec0150}
------------------------------

[@bib0090] claimed that scientists are motivated to collaborate when pressured "to make progress more rapidly" (p. 373). Collaboration can help accelerate progress by combining scientific resources ([@bib0670]) and creating a sense of urgency and accountability among team members ([@bib0320]). Though similar to the consideration of motivation when faced with time constraints and the division of labor that both support more rapid results, rapid problem solving differs slightly in that it has been shown to be more dependent on interactional teaming factors like trust ([@bib1105]), organizational growth and decision-making ([@bib0375]), and leadership skill development ([@bib0765]).

3.26. Competition avoidance {#sec0155}
---------------------------

[@bib0095] suggested that researchers collaborate to avoid competition. This highlights that scientists would rather collaborate than compete with others and risk loss to an opposing individual or team. [@bib0900] described the disciplinary research environment as competitive and suggested that for some, especially marginalized groups such as women, interdisciplinary research is a less competitive research setting. However, collaboration can also increase competition by requiring that individuals share valuable information ([@bib0135]; [@bib0310]) and receive criticism from others ([@bib0170]), which can leave individuals vulnerable to a number of career damaging risks. [@bib0135] and [@bib0865] concluded that the competitive risks associated with collaboration do not deter individuals from collaborating but rather influence their decision-making about with whom they collaborate.

3.27. Best serves problem-centric science {#sec0160}
-----------------------------------------

Researchers will collaborate to solve societally relevant and more complex problems ([@bib0090]; [@bib0570]; [@bib0600]; [@bib0900]). [@bib0570] found this to be especially true in interdisciplinary health research. Additionally, [@bib0900] suggested that female researchers might be more motivated to collaborate because it enables them to solve problems that make an impact on society. Solving such problems will depend on the ability of interdisciplinary teams to adequately integrate their disciplines ([@bib0290]) and "share constructs across the different fields that study multidisciplinary collaboration and related issues, elaborate on specific similarities and differences in theory, data, and methods, classify gaps and important future directions in the state of the art of the study of multidisciplinary collaboration, and identify specific infrastructure changes and needs that would enable both the study and practice of multi- and interdisciplinary collaboration" ([@bib0845]).

3.28. Network enhancement {#sec0165}
-------------------------

[@bib0090] argues that researchers seek collaborations in an effort to meet other researchers and expand their network. Some interpret the network building aspect of collaboration as a benefit of collaboration rather than a motivator in which to enter into collaborative environments ([@bib0510]; [@bib0585]; [@bib0705]; [@bib1030]). Strong evidence of impact in some networks can be considered a motivating factor to join certain alliances ([@bib0340]; [@bib0885]) or maintain relationships with certain core disciplines to increase publication success and impact ([@bib0055]). Co-authoring, co-citation, and the development of project-generated articles seem to be major contributors to network building ([@bib0340]; [@bib0350]; [@bib0355]). Networking appears to be an important element of collaboration since many alliances emerge from within one\'s own network ([@bib0670]; [@bib0975]) though not exclusively ([@bib0810]).

3.29. Interdisciplinary research pursuits {#sec0170}
-----------------------------------------

Pursuing collaborative work in an effort to address specific research problems, either close to one's own research interests or in line with one's wider agenda, motivates researchers to work together ([@bib0705]; [@bib0895]; [@bib1085]). Inevitably this will require crossing disciplinary boundaries as one interacts with others ([@bib0555]).The type of cross-disciplinary research and the problems it hopes to solve ([@bib0975]), the size of the project ([@bib0320]), the complexity of the research topic ([@bib0275]) and the types of skills required ([@bib0510]) are all elements that can play a part in the process of motivating an individual to seek out collaborative endeavors as one seeks to benefit from interfacing with cross-disciplinary partners.

3.30. Necessary for innovation {#sec0175}
------------------------------

For some, collaboration is a necessity for innovation and advancing science ([@bib0090]; [@bib0510]; [@bib0600]; [@bib0670]). The ability to innovate through collaboration appears to be associated with the pooling of expertise and resources ([@bib1035]) discussed earlier in this paper. In addition, in studies with Chinese R&D firms, "individual motivational states and team support for innovation climate uniquely promote individual innovative performance, and in turn, individual innovative performance linked team support for innovation climate to team innovative performance" ([@bib0200]), suggesting that needs directed toward innovation are both motivational antecedents as well as outcomes of collaborative interactions.

3.31. Interdisciplinary illiteracy {#sec0180}
----------------------------------

It is often under recognized that interdisciplinary skills are needed to collaborate. The lack of these skills can be a threatening component to collaboration. The nature of interdisciplinary research creates an environment where various languages, approaches, and beliefs must be integrated. Although this diversity is certainly a benefit of scientific collaborations, the integration and collaborative synthesis process can be difficult. The ability to navigate these, known as interdisciplinary literacy, can be lacking for some scientists, instilling confusion, frustration, and under-appreciation that can create conflict among team members ([@bib0130]; [@bib0415]; [@bib0975]; [@bib1015]; [@bib1095]). Several studies have demonstrated that taking the time to address the language differences can help scientific teams overcome this barrier ([@bib0170]; [@bib0995]; [@bib1015]). Moreover, [@bib0670] have discussed the role of individuals as bridges to assist in interdisciplinary communication ([Table 5](#tbl0025){ref-type="table"}). Differing languages can also impact publication in disciplinary journals and therefore developing a common language and interdisciplinary journals is important ([@bib1055]).

3.32. A Previous rewarding experience {#sec0185}
-------------------------------------

In examining literature on transdisciplinary scientific collaboration, [@bib1010] found that "a history of positive collaboration increases members' readiness for effective teamwork" (p. S106) because of the members' familiarity with each other and existing trust. Similarly, [@bib0770] noted that participants repeatedly referred to the importance of previous relationships and past collaborations when deciding to engage in collaborative projects. Positive experiences had strong correlations with attitudes in favor of interdisciplinary science and productivity in trainees ([@bib1005]) and in more senior researchers ([@bib0220]; [@bib1040]). [@bib0135], supported these findings and added that the quality of relationships was perhaps more important than the quality of the results or simply having worked together in the past. [@bib0165] characterized the researcher that is motivated by previous rewarding experiences as the 'buddy'. It appears that socially rewarding experiences in collaboration have more influence on researchers\' decision to collaborate than scientifically/professionally rewarding experiences.

3.33. Personal enjoyment {#sec0190}
------------------------

Some studies have reported that researchers are motivated to collaborate with others because of the fun or enjoyment of collaborating ([@bib0090]; [@bib0165]; [@bib0560]; [@bib0670]). [@bib0950] points to the satisfying research ideas generated by others when in collaborative engagements. [@bib0520] spoke of enjoyment involved with effortful cognitive endeavors; and ([@bib0560]) spoke of the fun of working with others. [@bib0025] equates the satisfaction and enjoyment of team members as having a strong effect on innovation.

3.34. Social benefits {#sec0195}
---------------------

Personal enjoyment and social satisfaction differ slightly. Scientific collaboration requires researchers to work with others and forces relationships. Personal chemistry between these individuals has been listed as a prerequisite for such collaborative efforts ([@bib0705]) and the enjoyment of collegiality has been reported as a benefit of collaborating ([@bib0465]). More importantly, studies have shown that the desire to work with others ([@bib0670]; [@bib0950]), the perception that others are fun to work with ([@bib0165]), and that working with others is more enjoyable than working alone ([@bib0090]; [@bib0095]; [@bib0320]; [@bib0510]; [@bib0560]; [@bib0645]) are reasons why researchers will opt to collaborate. [@bib0320] have also suggested that this may be particularly important for those within marginal groups such as women and academics with high teaching workloads.

3.35. Sharing passions {#sec0200}
----------------------

Researchers will collaborate because they want to share their passion with others ([@bib0090]; [@bib0955]). While this can be construed, as a type of social benefit, there is no real evidence that individuals need to benefit from this sort of sharing though but often both individuals and teams do. Individuals who promote a sharing culture contribute to transdisciplinary settings ([@bib0640]). These tendencies in groups "affected individual level outcomes of job performance, psychological well-being, and withdrawal through their impact on organizational commitment and job satisfaction" ([@bib0185]). In addition, project effectiveness can be measured based on "the intersection of talent, passion, and scientific objectives as motivating, because talent is related to competence, passion is an ingredient of autonomy, and shared objectives enhance social connectedness" ([@bib0025]).

3.36. Affinity toward helping/serving others {#sec0205}
--------------------------------------------

Most of the literature focusing on helping and serving others is placed in the context of teaching and learning. Some unique literature focuses on workplace climate and rewards that highlight service being "a strategic imperative...revealing the routines and rewards most strongly related to service passion: responsiveness to consumers, hiring procedures (who and how), training (availability and content), and the way service is delivered" ([@bib0955]). These characteristics have become more commonly associated with reward and recognition standards found in universities that value service above and beyond traditional faculty role requirements and include academic citizenship ([@bib0660]), service-learning ([@bib0280]), and team teaching ([@bib1070]) as venues in which faculty and researchers may apply their specific expertise to teaming venues and gain recognition and possible rewards.

3.37. Fear of rejection {#sec0210}
-----------------------

As the prospect of loss can be a threatening proposition to a collaborator, fear can be a barrier that can equally challenge one from collaborating. There is no strong evidence that participating in scientific collaboration will lead to disciplinary rejection or that the fear of this rejection will deter scientists from collaborating. "It motivates individuals to prioritize detecting and managing potential rejection at a cost to other personal and interpersonal goals" ([@bib0120]). However, academics feel that their interdisciplinary endeavors can negatively impact their credibility and reputation within their own discipline ([@bib0415]; [@bib0895]). The literature describes the fear of rejection in terms of career advancement, journal rejections, and funding rejections. Fear of rejection can be a strong indication of low levels of perceived social support, and related stress, as the reason for low performance ([@bib0595]). Others have argued that within group interactions, member sensitivity to broad social cues, like their social network, can be reason for disengagement if one fears rejection from the network ([@bib0960]).

3.38. Don\'t wish to express need {#sec0215}
---------------------------------

A generally under-researched area, need expression can be a threat to actual collaboration, especially if the cause for those seeking collaborative partners is challenged by the interpersonal skills necessary to do so in a way that does not communicate vulnerability. These types of skills "includes behaviors generally aimed at communicating with others, in terms of asking questions, delivering presentations, influencing others, negotiating, persuading, and seeking information" ([@bib0500]), which when lacking can serve as barriers to building relationships. "Findings suggest that persons deciding whether to seek help take into account not only their own costs and rewards, but also the cost-reward contingencies of their helper" ([@bib0260]). Proximity to non-collaborators who do similar work does appear to have an influence on the amount of help-seeking that takes place and the amount of discussions that take place that may lead to eventual collaborations ([@bib0155]; [@bib0445]; [@bib0495]).

3.39. Dependency avoidance {#sec0220}
--------------------------

For some, collaboration can create an undesired reliance on other team members. For example, delays due to slow-working collaborators were the most frequently cited complaints by [@bib0320] study participants. Additionally, scientists, most notably junior scientists, who participate in scientific collaborations may become dependent on collaborative work if their own independent research suffers as a result ([@bib0975]). This type of social loafing which can be the result of a number of factors from reduced evaluation potential ([@bib0245]; [@bib0605]), 'free riding' ([@bib0540]; [@bib0545]) and matching or minimizing efforts of a team ([@bib0470])can serve as reasons why one might not care to engage in teaming for fear of such distractions. As early as [@bib0390], the problem of pairing scientists with students and out of network stakeholders has highlighted the problem of dependency versus independence and its related stresses.

3.40. Conflict avoidance {#sec0225}
------------------------

The interdisciplinary research environment is one that is comprised of conflicting values, ideas, and scientific approaches and posit that scientific collaboration necessitating "a willingness to be questioned by others" ([@bib0170]). This environment may therefore deter some from engaging in collaborations. [@bib0750] found that a conflict avoidance attitude is a barrier to the interdisciplinary environment described by [@bib0170]. However, the interdisciplinary research environment has been described as less competitive than working within one\'s own discipline, which can make it more attractive to some, especially researchers from marginalized groups such as women and underrepresented minorities ([@bib0900]). The unknowns that can accompany collaborative engagement can also represent conflicts that researchers and scientists wish to avoid. Diversity and change can represent conflict for some, highlighting differences in work group norms of "gathering information, adapting to differing situations, issues, and needs, building social as well as task cohesion, and identifying clear mutual long term goals" ([@bib0065]).

3.41. Power threat {#sec0230}
------------------

Power is seemingly related to issues of status, and indeed the authors discuss also status in their studies. Power differential struggles are more competitive, combative, and ego-driven than debates of expertise (status) ([@bib0330]) and destroy interpersonal relationships within the team ([@bib1015]). A threatening environment could deter some from collaborating, especially in the area of co-authorship ([@bib0220]; [@bib0735]). Gender issues are also considered by [@bib0330] since it may be difficult to isolate the role of power and gender in scientific collaborations. Generally this aspect of power difference is reported as under-researched ([@bib0755]).

3.42. Status threat {#sec0235}
-------------------

[@bib0275] defined status as "the ranking of an individual by his society on the basis of socially acknowledged qualifications which are ascribed to him" (p.710). The literature on the role of status in scientific collaboration appears dichotomous. On the one hand, academic researchers, such as those interviewed by [@bib0415], feel tension from their own communities when participating in collaborations and fear a loss of their status as a result. On the other hand, some have gained status within their organization for their participation in cooperative research centers ([@bib1030]). In the case of students and trainees, their inclusion in research collaborations by those with existing status (i.e., scientists, professors) has been considered a recognition of their status and credibility by the scientific field ([@bib0410]). Not surprisingly, the status of women and underrepresented minorities is well documented ([@bib0065]; [@bib0105]; [@bib0160]; [@bib0525]; [@bib0675]; [@bib0905]; [@bib0910]). Within interdisciplinary teams, status can result in team members debating expertise ([Table 6](#tbl0030){ref-type="table"}), which has been found to be a barrier to effective teamwork ([@bib1015]). However, some teams may be able to overcome this challenge without any impact on outcomes ([@bib1095]).

3.43. Intellectual stimulation {#sec0240}
------------------------------

The team environment in research allows for differing points of view, clarification of ideas, and constructive criticism ([@bib0275]). [@bib0090] noted that researchers are motivated by their curiosity and intellectual interests. Indeed, these statements are supported in the literature. Studies have shown that scientists engage in research collaborations because they perceive a need for cross-fertilization and the generation of new ideas or knowledge ([@bib0095]; [@bib0510]; [@bib0975]; [@bib1020]; [@bib1030]). Additionally, for some, this intellectual curiosity is fueled by a desire to produce more practical and societally relevant ([@bib0320]; [@bib0895]; [@bib1020]).

3.44. Shared interests {#sec0245}
----------------------

[@bib0975] has found that shared interests, in the form of a research vision or goal, can motivate researchers to work together, and that these shared interests can help overcome barriers to collaboration. Furthermore, shared goals and interests can play an important role in sustaining collaborations ([@bib0620]). Being interested in each other\'s work and placing similar priority on projects also impacts the willingness of scientists to collaborate ([@bib0410]). In fact, research centers are often built on the principle of shared research interests ([@bib0670]). A study of university-industry collaborations also showed that faculty members placed much importance on their research interests, in this case when compared to other factors such as business, learning, and teaching opportunities ([@bib0610]).

3.45. Value individual expertise {#sec0250}
--------------------------------

Unidisciplinary and knowledge specific perspectives can often be barriers in themselves that threaten collaboration. Early work on this topic suggested that multidisciplinary research may limit individual creativity ([@bib0275]) and that researchers believe some disciplines may be more conducive to scientific collaboration than others ([@bib0320]). Recent studies have shown that researchers\' decision to work individually, instead of collaboratively, is influenced by disciplinary traditions ([@bib0750]), the project at hand ([@bib0620]), and the nature of the research question ([@bib0620]; [@bib0770]).

3.46. Prefer hierarchical relationships {#sec0255}
---------------------------------------

Hierarchical and collaborative teamwork is discussed as having two polar types of approaches or structures for collaboration ([@bib0275]). The issue of preference for hierarchy within teams would seem in contrast to evidence that shows that individuals perform better when afforded the freedom to chart their own research agenda ([@bib0025]; [@bib0520]). These findings are seemingly contrary to contemporary trends in collaborative teaming, especially based on its implications for contemporary leadership trends ([@bib0195]; [@bib0370]; [@bib0530]; [@bib1100]). "Preference for social dominance hierarchy is associated with neural functioning within brain regions that are associated with the ability to share and feel concern for the pain of others; this suggests a neurobiological basis for social and political attitudes" ([@bib0205]) and may in turn be a fundamental deterrent for some who challenge the benefits of working in environments where decision-making is the result of consensus building, compromise, or blended opinion. Evidence suggests that even within the most collaborative teams, where leadership is considered most receptive to mutual inclusion and decision-making, some members will be more comfortable with performing tasks related to their own discipline and are least stressed when instructed by the team or another leader in the group to do so ([@bib0640]). Beliefs about the meaning of certain behavioral characteristics like introversion-extraversion, dominance, interpersonal sensitivity, masculinity-femininity, conservatism, intelligence, and adjustment may serve as indicators of the difference between hierarchical and more distributed decision-making environments and may deter some researchers from engaging collaboratively for fear of lack of stable scientific authority ([@bib0685]).

3.47. Prefer unilateral decision-making authority {#sec0260}
-------------------------------------------------

[@bib0275] debated the pros and cons of hierarchical and democratic teamwork in research collaborations early in the team science literature. Hierarchical teamwork can produce administrative efficiency although it can be detrimental to interpersonal relationships within the team. "In order to decide effectively, agents need the ability to (a) represent and maintain a model of their own mental attitudes, (b) reason about other agents' mental attitudes, and (c) influence other agents' mental attitudes. Social mental shaping has been advocated as a general mechanism for attempting to have an impact on agents' mental states in order to increase their cooperativeness towards a joint decision" ([@bib0850]). We might infer, however, that team decision-making protocols may be associated more with expectations of behaviors and characteristics that point to scientific authority, as represented through hierarchical structures over group-decision techniques: intelligence, masculinity--femininity, and dominance ([@bib0630]). Democratic teamwork, on the other hand, can support creativity within the team, but the lack of structure may hamper long-term sustainability. Although related to this indicator, Eaton\'s debate does not provide insight into personal preferences for one system over the other. [@bib0320] have touched on scientists\' preference to work alone due to collaborative decision-making being more time consuming. However, [@bib0320], and other studies ([@bib0620]; [@bib0750]) suggest that scientists will opt to work alone for reasons related to the research at hand rather than because of the decision-making structure.

3.48. Methodological biases {#sec0265}
---------------------------

Disparities in scientific methods, tools, routines, and scales between collaborators create challenges for scientific collaborations and can often create conflict within teams ([@bib0290]; [@bib0320]; [@bib0410]; [@bib0435]; [@bib1095]). For example, [@bib1000] demonstrated that scientific teams with members who had prior history of working together were better able to launch projects than newly formed teams that first needed to negotiate disparities in their scientific approaches. For others with less experience with opposing and/or complementary methodological worldviews, coordination and mutual adjustment based in reflexive and theoretical sensitivity is necessary ([@bib0290]; [@bib0395]). Studies have also shown that compatibility of research methods may depend on the disciplines involved ([@bib0135]; [@bib0435]; [@bib0570]), and that in many technologically-driven sectors, biases for quantitative methodologies can lead to 'pecking order' dynamics favoring certain types of researchers and their methodologies ([@bib0210]; [@bib0755]).

3.49. Too hard to agree on a common goal {#sec0270}
----------------------------------------

Agreeing on research goals in a scientific collaboration can be difficult ([@bib0415]) and failure to do so can lead to unsuccessful projects ([@bib0895]; [@bib0950]). Some authors note that alignment of individual and team goals must be a priority ([@bib1075]). Spending more time early in collaborative projects to negotiate goals is therefore an important step for teams ([@bib0110]; [@bib0515]; [@bib1000]; [@bib1080]) although some researchers may be unwilling to commit this time ([@bib0320]).

3.50. Difficulty determining the appropriate level of cross-disciplinary integration {#sec0275}
------------------------------------------------------------------------------------

Transdisciplinary integration has been described as a long and difficult process that scientific teams must overcome to achieve expected outcomes ([@bib0570]; [@bib0995]). Difficulties with definition and the characteristics of different levels of cross-disciplinarity often serve as conceptual barriers in teams hoping to collaborate on a certain level of disciplinary integration ([@bib0555]; [@bib0635]). [@bib0410] describes integrative collaborations as less frequent but more participative endeavors than complementary collaborations. The difficulty in determining the appropriate level of integration appears to be affected by issues of personal and disciplinary status and hierarchy ([@bib0275]; [@bib0415]). Furthermore, the requirement of management of teams greatly affects their ability to understand differing constructs and mental models within the team ([@bib0480]; [@bib0860]), which may in turn affect one's ability and motivation to participate in multi-perspective teams due to frustration and lack of ability to adjust to integration expectations.

3.51. Epistemological differences {#sec0280}
---------------------------------

Epistemological differences between collaborators can hinder the collaborative process ([@bib0290]; [@bib0570]; [@bib0670]). [@bib0410] provide an example of an unsuccessful collaboration due to "different working styles and approaches to science" (p. 960) resulting in "frustration, unresolved conflicts, and, in the worst case scenario, discontinued work\...Some of these differences are incommensurably rooted in different epistemologies while other differences are more a question of culture" ([@bib0815]). [@bib0755] have studied the process of "methodological becoming" in a team of geographers with transnational connections and argued "there is an under-theorized relationship between the politics of academic research projects and the broader political movements with which they engage" (p. 29) suggesting that collaboration differences transcend mere plurality of techniques but represent core differences in the interpretation of knowledge. Overcoming these root differences in perspective is a matter of "overcoming internal monologism or monodisciplinarity, attaining provisional integration, and questioning the integration as necessarily partial" ([@bib0795]). Other studies have reported that biases against other disciplines ([@bib0210]; [@bib0670]) and the belief that there exists a hierarchy among disciplines ([@bib0415]) also negatively affect collaboration and interpersonal relationships within teams. Some researchers felt that "genuine integration of various disciplines" ([@bib0570]) was never reached during scientific collaborations.

4. Discussion {#sec0285}
=============

4.1. Domain clustering (volume) {#sec0290}
-------------------------------

In clustering the motivation and threat indicators, we found inequity in the literature between both the number of indicators once clustered into thematic domains and an imbalance between motivators and threats within domains. The domains of Resource Acquisition, Building Relationships, and the Maintenance of Beliefs dominated as domains with the most number of unique indicators. The Resource Acquisition and Building Relationship domains showed the greatest balance between number of motivators and threats in general, while the Maintenance of Beliefs domain showed a greater range of threats associated with it than actual motivators. In visualizing this we show motivator and threat indicators organized into differing domains. Through thematic analysis of literature content across and within domains we have adopted a means of ties based on the relevance of literature to each indicator. Literature contributing to more than one indicator is tied together either within a domain or across more than one. The size of indicator is defined by the amount of literature that contributes to its definition within the review ([Fig. 2](#fig0010){ref-type="fig"}, above).

This stated, the representative numbers of motivations and threats should not be interpreted as polarizing within a domain. In addition, each motivation does not necessarily have an antithetical threat. Rather, these indicators represent dynamics within a domain that may illustrate (according to published literature) emphases found in a particular area of inquiry with more productive outputs. The reason for this could be multifold based on wavering and waning interests over time. It would seem that these three domains (Resource Acquisition, Building Relationships, and the Maintenance of Beliefs) dominate in the literature as those with the most nuanced conversations on motivations and threats, which precipitates the high diversity of evidence.

With regards to the remaining domains (Advancing Science, Recognition and Reward, and Knowledge Transfer), it is clear that although the discourses around these clusters are less nuanced (described in fewer unique indicators), the literature documents less divergent thought on the subject of collaboration and its motivating and threatening factors. In other words, we have found that in these domains there is a higher degree of convergent thought found in the literature reviewed. The Advancing Science domain is clearly dominated by motivating factors. This is to say that most discourse about the advancement of science would seem to represent the advancement of science as evidence of a strong reason why individuals should be motivated to collaborate. In the reverse, Recognition and Reward would seem to be dominated by threats about why individuals might not choose to collaborate especially of the right environmental structures were not in place. In addition, though the Advancement of Science and Resource Acquisition domains could be broadly associated within the Knowledge Transfer domain, this domain in comparison is relatively low in diversity of indicators and highly developed with a strong degree of discourse though the indicators associated with the domain would seem to be highly unique. In general, even with low diversity, Knowledge Transfer would seem to be a motivating factor overall to collaboration for individuals.

4.2. Dominating motivators and threats {#sec0295}
--------------------------------------

As this inquiry does not measure indicators by a weighted measure other than their appearance in the literature, it is not possible to comment on the indicators that show significant value by their relational characteristics. By focusing on strength and weakness within and across domains, several inferences can be made. First, with an emphasis on within-domain relationships, some indicators are strongly tied to each other in the literature. For example, in the Building Relationships domain, motivators are more strongly tied to motivators and threats to threats (See [Fig. 2](#fig0010){ref-type="fig"} dotted line associations) suggesting greater affinity on the discourse associated with each indicator. This is similarly the case in the Maintenance of Belief, Advancing Science, and Knowledge Transfer domains. In comparison, the Resource Acquisition and Recognition and Reward domains show more cross indicator ties suggesting that more discourse in these areas is open to debate, nuances between what constitutes a motivator and a threat, and/or conflicting interpretations. For example, interdisciplinary illiteracy is defined through a literature that also contributes to several other indicators across multiple domains. This topic is more solidly part of a more complex discussion. In comparison, those indicators that contribute to the knowledge transfer domain are more highly bound to other learning indicators suggesting that there appearance in the literature may be more localized and specific with less relational evidence to other domains and indicators. Second, by looking at ties across domains, some are more heterogeneous in their relationships with others. For example, Advancing Science as a domain has more ties with all of the other domains than any other. This domain is also dominated by motivating indicators as a cluster. However, the Knowledge Transfer domain, also dominated by motivating indicators has relatively few cross-domain ties. Relationship Building and Maintenance of Beliefs are clearly most critical to secondary ties between the other clusters even though both of these have highly divergent motivator and threat in-group ties. Resource Acquisition and Recognition and Reward seem to be subsets of these two other domains by relationship suggesting that social domains like relationships and resource inquiries is somehow bound to more tangible attributes to collaboration like resources, recognition, and rewards.

5. Conclusions {#sec0300}
==============

This study elucidates the breadth of individual, *intra*personal indicators that serve as important antecedents in team science. Our assessment of the literature focused on *perceived* micro-level motivators and threats (indicators) to collaboration to uncover conditions that have the potential to impact individual participation in scientific knowledge-producing teams (KPTs). We started by considering the interrelated dynamics of motivation and goals-setting that are endemic to KPTs ([@bib0625]; [@bib0835]; [@bib0920]). This initial work contributes to foundational definitions and a map to the discourse on individual motivations and threats to collaboration across sectors. As such, it is a preliminary effort to organize the literature into domains of individual motivation and threat indicators and provides a map that guides further investigation in this area of team science (research, measurement, and theory) on the micro level.

As [@bib0625] have emphasize there is an ongoing need to generate metatheory with the goal of building understanding about motivation that emphasize the need to develop more complete and practical theories. Our interdisciplinary review goes beyond any one motivation theory or disciplinary body of knowledge and strives to recognize the benefits of integration of theories across knowledge boundaries and literatures. Its ultimate ability to contribute to theory about motivation in KPTs is measured by the emphasis on the primacy of the individual's role in self-actualizing the meaning of collaborative efforts as an extension of satisfaction and need as related to perceived environment threats. This is a key addition to the discourse on micro-level inquiry into motivations and threats for individuals in teams. In addition, there is value of these indicators to psychometric measurement and measurement of individual collaboration readiness.

*Intra*personal factors and perceptions about environmental and structural elements likely share the same---if not more---impact on participant decision-making about KPT engagement ([@bib0990]) and can lead to useful structures in which to measure readiness. We see value in factor analyses on the individual level similarly to 'hard' and 'soft' organizational factor analyses to items like competency fitness and technological readiness and organization character, willingness to collaborate, and empathy for relationships but more isolated to the individual level of analysis ([@bib0915]). We differ in our approach to using factors to measure readiness based on interactive measures and team values to address team readiness for cross-disciplinary collaboration ([@bib0405]; [@bib0740]). Thus, with proper psychometric testing it may be possible to contribute to a new line of theories of motivation and threat that may be useful in the measurement of collaboration readiness on the individual level. In addition, by isolating the level of analysis to the individual level, the discourse on individual level decision-making and motivations about collaborative engagement may be possible considering both *inter*- and *intra*personal factors in the same theoretical framework ([@bib0920]).

In testing such assumptions, certain special matters must be considered about the compilation of indicators. While no hierarchical framework based on frequency of evidence found in the literature has been presented in this review, it is possible to attempt to design a hierarchy that might suggest higher and lower level motivations to science collaborations in KPTs. This requires research and testing with KPT members and those entering into such teams. In doing so, care would need to be taken to consider the life-course variables that impact individual's motivations and what in their environment is most threatening at any particular time in their development scientists. Variables of rank, gender, age, disciplinary tradition, etc. all conspire to affect what in fact motivates one to participate in team research. A hierarchy of motivations might be less static and unilateral and transferable amongst different KPTs but rather more dynamical suggesting that different motivations and threats may be in combination measurable in only like-oriented team members and not all, even though mixed populations of individuals work within KPTs. This would be in concert with our initial findings in this the testing of this hierarchy that seems to suggest that hierarchies differ based on age, gender, developmental phases of professionals, etc. ([@bib0680]). This is not hard to imagine and research has shown that this is a common social dynamic in KPTs ([@bib0645]). In testing any such framework that would attempt to organize these indicators one would have to triangulate individual context against degrees of individual satisfaction and intensity of collaboration. For this research, the intent is to test these indicators in this very way attempting to create a dynamical hierarchy of motivations and threats against a hierarchy of need ([@bib0690]) and degrees of engagement in teams ([@bib0050]) to understand better how participating in teams satisfied individual need for self-actualization and if this process actually correlates with higher levels of collaborative activity.

A final benefit to this work is its contribution to the development of learning opportunities for KPT members that can assist them in assessing their own readiness for collaborative engagement from an *intra*personal perspective. At the core of Mezirow's transformative learning theory is the concept of critical reflection which involves a critique of one's *intra*personal assumptions implicit in one's beliefs and a challenge to the validity of presuppositions made in prior learning situations ([@bib0715]; [@bib0720]). This process of reflection triggers one to correct erroneous interpretations resulting over time in a changed perspective which could influence future decisions and actions ([@bib0265]; [@bib0715]). [@bib0715] emphasized perspective transformation as a key outcome of the transformative learning process for adults; that through the process of making sense of and reflecting on one's own perspective about the subject matter under study, changes to meaning structures can occur that could involve refinement or elaboration of existing meaning schemes and/or creation of new schemes and perspectives. This process of sense-making can be thought of as the continual exploration, integration, and judgment of an emerging perspective much like a drafting process ([@bib1065]). Such opportunities that target individuals and their perceived understanding about KPTs drawn from their own reflections on what motivates and threatens them in this process of engagement can be better served with psychometric evidence of how these indicators support and deter sustainability in teams.
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###### 

Resource Acquisition Organizing Domain.

Table 1

  Resource Acquisition: *Accessing, acquiring, and deploying human and intellectual resources*   
  ---------------------------------------------------------------------------------------------- ----------------------------------------------------------------------
  • Access to expertise                                                                          • Communication/IT infrastructure
  • Access to administrative support                                                             • Possess data set and/or tool that benefits others
  • Access to trainee workforce                                                                  • Possessing expertise that others need
  • Access to scientific materials                                                               • Lack of available mechanisms to sustain a collaboration
  • Access to funds                                                                              • Hard to find a funding mechanism to support collaborative research
  • Need for division of labor                                                                   

###### 

Recognition and Reward Organizing Domain.

Table 2

  Recognition and Reward: *Mechanisms and methods by which human and intellectual resources are recognized*   
  ----------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  •To obtain recognition                                                                                      •Loss aversion•Lack of external recognition/reward•Concerns about getting promoted/tenured•Lack of institutional recognition/reward•Concerns about authorship•Concerns that my referees won\'t be supportive

###### 

Knowledge Transfer Organizing Domain.

Table 3

  Knowledge Transfer: *Organize, exchange, acquire, deploy knowledge*                                                                                  
  ---------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------
  •Desire to learn new skill (set)•Apprenticeship/training opportunity•Enjoy learning about new areas of science/scholarship•Benefits from mentoring   •*The scoping review found no significant literature that addressed threats in this domain.*

###### 

Advancing Science Organizing Domain.

Table 4

  Advancing Science: *Contribute to an agenda or progression of science.*                                                                                                        
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -------------------------------
  •Individual time constraints•To solve problems faster•Competition avoidance•Best serves problem-centric science•Interdisciplinary research pursuits•Necessary for innovation   •Interdisciplinary illiteracy

###### 

Building Relationships Organizing Domain.

Table 5

  Building Relationships: *Utilizing resources and knowledge to establish or expand connections*                                
  ----------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------
  •A previous rewarding experience•Personal enjoyment•Social benefits•Sharing passions•Affinity toward helping/serving others   •Fear of rejection•Don\'t wish to express need•Dependency avoidance•Conflict avoidance•Power threat•Status threat

###### 

Maintenance of Beliefs Organizing Domain.

Table 6

  Maintenance of Beliefs Domain: *Establishing, protecting, or building the value of science*   
  --------------------------------------------------------------------------------------------- -------------------------------------
  • Intellectual stimulation                                                                    • Value individual expertise
  • Share interests                                                                             • Prefer hierarchical relationships
  • Prefer unilateral decision-making authority                                                 
  • Methodological biases                                                                       
  • Too hard to agree on a common goal                                                          
  • Difficulty determining the appropriate level of cross-disciplinary integration              
  • Epistemological differences                                                                 
